An extensive literature has developed in recent years in the field of chelate compounds with special reference to their antimicrobial properties. Thus, for example, the copper chelate of oxine (8-hydroxyquinoline) has been the subject of numerous investigations (Hollingshead, 1956 ).
Thiosemicarbazones (TSC), which are compounds capable of forming chelates, have been investigated by Domagk (1950) who found p-acetamido-and p-methoxybenzaldehyde TSC to be antitubercular, while subsequent investigations by a number of workers (Hoggarth et al., 1949; Donovick et al., 1950; Hamre, Bernstein, and Donovick, 1950; Mascitelli-Coriandoli and Maiocchi, 1955) have shown other TSC to be antimycobacterial. It has been suggested by Gausman et al. (1953) that the activity of these compounds is due to their property of forming chelates with metals. This property of TSC has been used as the basis of a method for the quantitative determination of a number of metals (Guha Sircar and Satpathy, 1954) .
It was considered that the chelates of TSC with metals such as copper may have antifungal properties through a mechanism similar to that of the copper chelate of oxine (8-hydroxyquinoline), which is known to be an effective textile preservative.
To study this possibility, a number of TSC having aliphatic and aromatic substituents, respectively, together with their copper complexes, were prepared and their antifungal activity toward two organisms was determined by two methods. For purposes of comparison two commercial fungicides were also examined.
MATERIALS ANND METHODS
The TSC and their corresponding copper complexes were prepared in this laboratory (Gingras, Hornal, and Bayley, 1960) . The least soluble of these compounds were the aliphatic ones and consequently, their purification was particularly tedious. In the case of the TSC of n-propionaldehyde, n-butyraldehyde, and n-valeraldehyde, the elementary analyses remain unsatisfactory. However, since they show the expected infrared spectra (Gingras, Hornal, and Bayley, 1960) and copper contents which are in good agreement with the theoretical values, they have been included in the data presented.
The test organisms used in the screening of these compounds were Chaetomium globosum strain USDA 1042.4 and Aspergillus niger strain USDA 215-5373.16 . Stock cultures were maintained on malt agar slants, dry spore inocula being used for both procedures.
The cotton fabric used was 8-ounce unbleached duck.
Tube Dilution Method M1edium. A nutrient liquid medium of the following composition was used: glucose, 5 g; NH4NO3, 3 g; K2HPO4, 2 g; KH2PO4, 2.5 g; MgSO4 7H20, 2 g; yeast extract (Difco)', 5 g; distilled water, 1000 ml. The pH of this medium was 6.3.
Procedure. The compound was either dissolved or suspended in a suitable organic liquid, 0.1 ml of the solution or suspension being added to 5 ml of the liquid medium, in a 50-by 15-mm test tube.
To preclude the possibility that the organic liquid used may itself be responsible for inhibition, a blank experiment with no compound present was run, in which the amount of solvent present was the same as when a compound was being tested. In no case was there any evidence of inhibition.
After inoculation and incubation at 30 i 2 C for a suitable length of time, the presence or absence of growth was noted. All tests were carried out in duplicate. The ppm were tested at 100 and 10 ppm, the data being ANTIFUNGAL ACTIVITY OF THIOSEMICARBAZONES given in table 2. Of the 40 TSC, 15 showed activity at 1000 ppm against A. niger and 22 against C. globos-um. Of the 31 TSC copper complexes tested, only the furfural derivative was active at 500 ppm against A. niger and at 50 ppm against C. globosum. However, the n-nonanal and n-decanal compounds were effective against C. globosum at 1000 ppm and the salicylaldehyde compound was good at 500 ppm. Thus it seems that fungicidal activity is limited, in general, to the TSC in its noncomplexed state.
The tube-dilution (TD) and plate-disc (PD) methods agree fairly well (table 1). In general the TD method appears to be the more sensitive. Fourteen compounds which showed activity against C. globosum by this method would have been classed as inactive by the PD method. Only two compounds, 2-fluoro-5-nitrobenzaldehyde and acetoacetanilide TSC, showed activity against both organisms by the PD method but not by the TD method. Both methods are therefore useful and can be used together conveniently.
Of the 16 compounds active against A. niger at 1000 ppm by the TD method, only six aliphatic compounds were active at 100, and only one, 9-undecenal TSC, at 10 ppm (table 2) . The aromatic compounds were all inactive at the higher dilutions.
Of the 23 compounds effective against C. globosum at 1000 ppm by the TD test, 13 were found effective at 100 ppm (seven aliphatic and six aromatic) and only one, 9-undecenal TSC, at 10 ppm. Thus the latter was the most effective compound against both organisms.
DIscussIoN The two comparison fungicides tested were a commercial preparation of 2, 2'-dihydroxy-5 , 5'-dichlorodiphenyl methane (G4)2 and a commercial formulation of copper 8-hydroxyquinolinolate (Cunilate 2174). This latter preparation contains substantial quantities of other materials, mostly of the nature of fatty esters (Feigin and Schwartz, 1955) , added to facilitate the formulation of the compound into solvent-soluble form ("solubilization"). The content of copper 8-hydroxyquinolinolate in the formulated compound as received is 10 per cent, corresponding to a copper content of 1.8 per cent. This material was active against both organisms in concentrations corresponding to 10 ppm of the active ingredient. It was used in the present work solely because of its effectiveness at low concentrations, a property which has led to its wide use in the textile field. The G-4 compound was found to be active at 10 ppm against C. globosum and at 100 ppm against A. niger; hence, 9-undecenal TSC would seem to be as effective as either of the commercial preparations under the conditions of the test. It is interesting to note that the alkyl chain of 9-undecenal TSC differs from that of 10-undecenoic acid, a well known fungicide, by the position of the double bond.
The inactivity of the copper chelates was unexpected and is of interest. In this connection, reference may be made to the work of Anderson and Swaby (1951) who showed that while dithizone as well as oxine was not toxic toward A. niger in a copper-deficient medium, these compounds became fungistatic when copper was supplied. These findings are supported by Albert et al. (1956) . It is possible that the inactivity of the metal complexes examined in this work may be due to their insolubility in the media. Also, their inactivity may be related to the fact that, in the state in which they were used, they were unable to penetrate the cell membrane; or even if this were possible, they could not further chelate metals. Further work on the activity of the TSC used in metal-deficient media is planned.
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SUMMARY
Forty thiosemicarbazones, mostly of aliphatic and aromatic aldehydes and ketones, together with 31 of their copper complexes, were examined for toxicity toward Chaetomium globosum, a cellulolytic fungus, and Aspergillus niger, a saprophyte. It was found that some of the thiosemicarbazones showed activity, whereas their corresponding copper complexes, with two exceptions, did not. Thus, it seems that the activity is mostly limited to the free thiosemicarbazone.
Of the thiosemicarbazones tested, 9-undecenal thiosemicarbazone appeared to be effective for complete inhibition of both organisms at 10 ppm, the lowest concentration used. This activity is comparable with that of the standards used; viz., copper 8-hydroxyquinolinolate and 2, 2'-dihydroxy-5, 5'-dichlorodiphenyl methane.
